Fourteen fern, two horsetail (Pteridophyta), three clubmoss (Lycopodiophyta), nine moss and two liverwort (Bryophyta, Marchantiophyta) species were examined for the presence of betaines. Glycinebetaine was detected in some of the fern, clubmoss, moss and liverwort species, but not in either of the two horsetail species examined. However, trigonelline was detected in one (Equisetum telmateia). Thus, betaines have now been found in at least some species in all the major phyla of green plants.
Betaines are derivatives of amino acids containing a fully methylated quaternary nitrogen moiety. This class of compound has been reported for animals, bacteria, algae (for example [1-3, and references cited therein]), fungi (for example [4, and references cited therein]), lichens [5] , gymnosperms [6, 7] , and angiosperms (for example [8,9, and references cited therein]). However, to the best of our knowledge, there is no record of betaines in the phyla Bryophyta (mosses), Marchantiophta (liverworts), Lycopodiophyta (clubmosses), and Pteridophyta (ferns and horsetails). As a result, we have examined a limited number of representatives of these phyla to determine whether betaines are a feature of all the major phyla of green plants.
Aqueous methanolic extracts of each of the collected species were partially purified by passage through a column of cation exchange resin and the extracts then examined by 1 H NMR spectroscopy. The spectra of some of the extracts indicated the presence of betaines, which were separated by preparative TLC. The separated compounds were identified by 1 H NMR spectroscopy and, when possible, by FAB MS. Quantitative estimation of each compound was made from the semi-purified extract using a 1 H NMR spectroscopic procedure [10] .
Glycinebetaine was detected in 10 of the 14 fern species tested, one of the 3 clubmosses, 7 of the 9 mosses and both liverworts, but not in either of the two horsetails (both Equisetum species) ( Table 1) . However, E. telmateia was found to contain 0.01% trigonelline (not included in Table 1 ). Glycinebetaine contents were always very low, the highest content (0.06%) being found in Athyrium felix-femina (Table 1 ). In the 1 H NMR spectra of many of the extracts, a large singlet was observed at about δ 3.20. This may or may not be due to a betaine, but the 1 H NMR spectrum did not match any of the reference compounds available to us. Unfortunately, the quantities of plant material collected were small and the contents of the unknown compound were always low.
The results obtained show that betaines are constituents of some fern, clubmoss, horsetail, moss and liverwort species and this information, along with previously published data, show that betaines are found in all the major phyla of green plants. After collection, the plant material was initially air dried and then dried in a circulating air oven at 60 o C and powdered.
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Extraction and purification:
Powdered samples of each investigated species (1-3 g) were extracted with 80% methanol for 6 h and the extracts purified using a cation exchange resin, as reported previously [1, 11] . The semi-purified extracts were examined by 1 H NMR spectroscopy (D 2 O: 400 MHz; Jeol Eclipe). Individual compounds were isolated by preparative TLC [12] , and the isolated compounds identified by 1 H NMR spectroscopy [13] , and, when possible, by FAB MS (Jeol DX-303 spectrometer with a post acceleration detector, coupled to DA data system).
The content of each betaine in the semi-purified extract was estimated using a 1 H NMR spectroscopic assay procedure [10] .
